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area, and radius of curvature in the joints. A mixed model analysis
of variance was used to compare data between the three different
groups.
Results: Radius of curvature varied signiﬁcantly between the
FX and CTL groups at ﬁve sites and in particular was more
strikingly different in the lateral condyle near the parasagittal
groove. In addition the ratio of lateral to medial condylar width was
signiﬁcantly different between the FX and CTL groups at eight
of nine sites and in the NFX and CTL groups at two sites. In
particular the lateral condyle was relatively smaller compared to
the medial condyle in FX horses.
Conclusions: It appears that in horses with condylar fracture, their
lateral condyle was signiﬁcantly smaller compared to their medial
condyles when compared to non-fractured horses. In addition
the radius of curvature was signiﬁcantly different in fractured
horses compared to non-fractured horses. These differences in
geometrical properties may possibly be used for a screening tool
in the future
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A MICROARRAY ANALYSIS OF DAMAGED VERSUS
UNDAMAGED CARTILAGE IN ANTEROMEDIAL
GONARTHROSIS
S. Snelling, R. Rout, Z. Xia, C.J. Andrew, P.A. Hulley, A.J. Price
Univ. of Oxford, Oxford, United Kingdom
Purpose: Anteromedial gonarthrosis (AMG) is a distinct pheno-
type of osteoarthritis (OA), with a speciﬁc pattern of disease.
There is full thickness cartilage loss anteromedially, progressing
to an area of damaged cartilage, and then to an area of macro-
scopically and histologically normal cartilage posteriorly. It can be
considered to be a spatial model of OA progression and used to
study the progression of cartilage degeneration. Gene expression
differences between regions have previously been shown and mi-
croarray technology presents the opportunity to compare the gene
expression of tens of thousands of genes. To date microarray has
been used sparingly in OA.
Methods: Ten tibial resection specimens were obtained from pa-
tients undergoing unicompartmental knee arthroplasty. The edges
of cartilage were excluded, and regions of damaged and undam-
aged cartilage were dissected from underlying bone. The samples
were divided into two equal amounts, and “mirror” samples kept
back for real time Polymerase chain reaction (qPCR) validation.
Samples were hand ground under liquid nitrogen and RNA ex-
tracted using RNeasy kits. The RNA was reverse transcribed
and quality control undertaken using a bioanalyser. Each pair of
samples was labelled using Agilent’s two-colour microarray-based
gene expression analysis protocol and run on a whole genome
microarray plate.
Results: Bioanalyser data showed adequate quantity and quality:
the average RNA integrity number (RIN) was 7.3 (range 6.5 -
8.1). Initial analysis revealed 820 genes that were signiﬁcantly up-
(416) or down- (404) regulated in damaged cartilage, with at least
a 2-fold change.
A search for differences in gene ontologies (GO) showed signif-
icant functional clusters in groups including, cell communication,
collagen process and proteinaceous extracellular matrix. There
was an increase in undamaged cartilage of Type I Collagen ex-
pression (validated with qPCR). There was a decrease in several
Matrix metalloproteinase (MMP) expression in damaged cartilage,
the most downregulated being MMPs 1, 2, 3, 9, and 13. There was
also decreased expression of the Wnt antagonists FRZB (which
has shown genetic association with OA), sFRP1 and sFRP4 and
increased expression of the BMP antagonist Noggin in damaged
compared to undamaged cartilage.
Conclusions: This study has generated results showing a number
of changes in gene expression that warrant further investigation. In
terms of matrix changes, Type I collagen content has been shown
previously to be increased in the undamaged cartilage of AMG us-
ing immunoassays. The MMP results were somewhat unexpected,
but raises potential questions regarding where OA cartilage sam-
ples are obtained from in cellular studies. Furthermore, in AMG
the signalling microenvironment is altered, and results implicate
both Wnt and BMP signaling in regulation of cartilage damage.
Further validation of selected genes is ongoing, and ultimate aims
are to identify a series of therapeutic targets for disease modifying
interventions.
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Purpose: The pathophysiology of osteoarthritis (OA) involves the
whole joint, and is characterized both by cartilage degradation
and altered subchondral bone turnover. However, which of these
tissues initiates the pathogenesis of OA and which are the drivers
of the disease, is of high interest to understand the aetiology
of OA. At present there are neither biological models nor tools
that allow investigation of the interactions between osteoblasts,
osteoclasts and chondrocytes in one whole tissue system in vitro.
Thus, we developed and characterised an ex vivo murine femoral
head model, enabling us to investigate cell interactions between
bone- and cartilage-tissue and test novel drug candidates for
osteoarthritis.
Methods: Femoral heads from three, six, nine and twelve weeks
old mice were isolated and cultured for 10 days in serum-free
media (DMEM:F12) in absence (control) or presence of IGF-I
[100 nM] (anabolic conditions), oncostatin M (OSM) [10 ng/mL]
+ TNF-α [20 ng/mL] (catabolic conditions) or PTH [1, 10 and
100 nM]. The conditioned medium was kept for analysis of bio-
chemical markers of bone and cartilage turnover, including CTX-I
(bone resorption), CTX-II (cartilage degradation), PIINP (cartilage
formation), Hydroxyproline (collagen release), TRACP (osteoclast
number), and GAG release (proteoglycan turnover). Viability or
overall living cell numbers of the femoral heads was monitored
using the dye Alamar Blue, after 10 days of culture. Passive re-
lease from metabolically inactive femoral heads was measured as
background. Microscopic changes were assessed by histology.
Results: Cell viability was increased upon anabolic and catabolic
stimulation at day 10. Stimulation with the cytokines OSM + TNF-α
resulted in an increased bone resorption, cartilage degradation,
collagen release, proteoglycan turnover and number of osteo-
clasts, measured by speciﬁc biomarkers in the conditioned media.
Stimulation with IGF-I decreased the osteoclast number. Cartilage
formation increased when stimulated with IGF-I, whereas it de-
creased when stimulated with OSM + TNF-α, but only in three
weeks old mice. PTH dose dependently increased the osteoclast
number and bone resorption. Highest dose of PTH increased
cartilage formation, cartilage degradation and collagen release,
indicating a dual action of PTH in this whole tissue model.
Histological examinations of the femoral heads showed a ratio in
bone vs cartilage increasing with age, probably due to the initiating
secondary ossiﬁcation centre in femoral heads from nine weeks
old mice.
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Conclusions: We have established a whole tissue model for os-
teoarthritis comprising both cartilage and bone, which is highly
responsive to both catabolic and anabolic stimulation. This model
responded both anabolic and catabolic to PTH treatment, demon-
strating the importance of cell-cell communication. The dual effect
on cartilage may be divided in direct and indirect effects from PTH
on bone and cartilage, which had not been possible to detect in a
single-tissue model system. This model may be useful for testing
potential disease-modifying osteoarthritis drugs (DMOADs) inter-
fering with more than one aspect of the pathological situation.
Furthermore, it presents a unique opportunity for investigating the
role of osteoclast-, osteoblast- and chondrocyte-interactions in the
pathogenesis of OA and other joint degenerative diseases.
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HISTAMINE H4 RECEPTOR (H4R)
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Purpose: To determine whether the H4 receptor is pharmacolog-
ically expressed in human OA and RA tissues, and the different
cell types that express this receptor.
Methods: Human synovial tissues from OA and RA tissues were
collected with the consent from patients undergoing total knee
replacement. These tissues were investigated using RT-PCR, im-
munohistochemistry and by competitive radiolabled antagonist
binding assays. The expression of H4R RNA and protein were
investigated using RT-PCR and immunohistochemical methods
with human H4R antibodies. Synovial membranes were evaluated
histologicaly following Hematoxyline Eosine staining. To determine
the phenotype of the cells expressing H4R, mast cells were re-
vealed using anti tryptase and c-kit antibodies. Dentritic cells,
macrophage and endothelial cells were revealed using S100,
CD68 and the Von Willebrand factor respectively. CD4 was used
as a marker for mature helper T cells, and CD8 as a marker for
mature Cytotoxic T cells. To ascertain whether the H4 receptor is
pharmacologically expressed, human OA synoviocytes from 5 pa-
tients were evaluated in competitive radiolabled antagonist binding
assays. The effect of Thioperamide on metalloproteinases was
studied zymography.
Results: The H4 receptor was detected at RNA and protein levels
in both OA and RA synovial tissues, with a signiﬁcantly greater
number of cells staining positive in inﬂammatory RA tissues. In
synovial membranes from patients with RA, H4 receptor was de-
tected in mast and dentritic cells as well as in the macrophage-like
type B synoviocytes inﬁltrating within the vascular wall, in the
diffuse cellular inﬁltrate and in the superﬁcial lining cell layer and
in the pannus. When vessels from rheumatoid synovial mem-
branes or OA showed features of vasculitis, a positive signal for
H4 receptor was detected within the media and adventitia of the
vascular wall but not in the internal tunic endothelial cells (in-
tima, which stains positive for the von Willebrand factor). In newly
dissociated and cultured human OA synoviocytes, speciﬁc [3H] ra-
diolabeled antagonist binding was displaced by both Thioperamide
and a selective H4 receptor antagonist indicating expression of
pharmacologically active H4R in these diseased tissues. The zy-
mographies revealed that MMP-9 activity is upregulated by IL-1b
and this effect is greatly diminished by Thioperamide.
Conclusions: This study shows the in situ localization of H4R in
human OA and RA tissues in both inﬁltrating immune cells and
synoviocytes associated with disease pathogenesis. We provide
also ﬁrst pharmacological evidence of H4R expression by radio-
labeled binding. Hence, H4R may be an attractive target in the
development of new approaches for therapeutic treatment of OA
and RA and possibly other diseases where histamine plays a cru-
cial event in mediating leukocyte trafﬁcking and tissue degradation.
449
EVIDENCE FOR REACTIVE OXYGEN SPECIES INDUCED
APOPTOSIS IN ANTEROMEDIAL GONARTHROSIS
R. Rout, S. Snelling, S. McDonnell, Z. Xia, A. Price, P. Hulley
Univ. of Oxford, Oxford, United Kingdom
Purpose: Anteromedial gonarthrosis (AMG) is a distinct pheno-
type of osteoarthritis (OA), with a speciﬁc pattern of disease.
There is full thickness cartilage loss anteromedially, progressing
to an area of damaged cartilage, and then to an area of macro-
scopically and histologically normal cartilage posteriorly. It can be
considered to be a spatial model of OA progression
Apoptosis, or chondrocyte cell death, has been shown to be a fea-
ture of OA cartilage, however the triggers are poorly understood;
similarly, reactive oxygen species (ROS) have been implicated in
OA. They have never been studied in a replicable topographical
model of OA.
This study characterises the regional levels of cell death and
implicated ROS in AMG using a number of immunohistochemical
studies.
Methods: Ten tibial resection specimens were obtained from
patients undergoing unicompartmental knee arthroplasty. Eight
above knee amputations (from patients with peripheral vascular
disease) were used as age matched controls.
Cross sections taken through all regions were parafﬁn embed-
ded. Routine histology was performed and immunohistochemical
studies were conducted for Terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL), Active Caspase 3, Cytochrome
C, Active Bax, Bim, 3-Nitrotyrosine and Forkhead box O3A (FOXO
3A).
Results: Cell death, as detected by TUNEL appeared predomi-
nantly in the surface layer of chondrocytes of damaged cartilage
(p<0.001). Median values were 23% in superﬁcial cartilage (range
0 - 51) compared to 0% in deeper cartilage (range 0 - 15). There
was a signiﬁcant difference in TUNEL staining between regions
(p=0.001). This ranged from 26% (most damaged) to 4% (un-
damaged). There was a good correlation with degree of cartilage
damage (ρ=0.66, p<0.001) as deﬁned by histological grade and
TUNELwas signiﬁcantly higher (p<0.001) in AMG compared to the
control samples which showed an average of 2% TUNEL overall.
Upstream markers of apoptosis (Active Caspase 3, Cytochrome
C, Active Bax), assessed qualitatively, were present in a similar
distribution to that of TUNEL staining.
3-Nitrotyrosine was also shown to be a predominantly surface phe-
nomenon. There was a signiﬁcant difference (p<0.001) between
regions, ranging from 58% (most damaged) to 10% (undam-
aged). Again, this was signiﬁcantly higher that the control samples
(p<0.001). In line with indicators of ROS mediated damage, Bim
and FOXO3A were also detected.
Conclusions: The mechanism of apoptosis in OA cartilage has
not been studied in depth, and understanding the biochemical
and molecular responses of ‘stressed’ chondrocytes may provide
invaluable information about the speciﬁc causes of cell death. Such
cellular responses may provide targets for disease modiﬁcation,
thus delaying or preventing the need for joint arthroplasty.
We conclude that AMG is a phenotype demonstrating cartilage
at progressive stages of disease. Apoptosis involves the intrinsic
mitochondrial pathway and ROS appear to be implicated. Further
work is needed to provide evidence of what lies further upstream
of markers demonstrated in this study.
